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ANAEROBIC BACTERIA OF ANTARCTICA 
-ISOLATION OF CLOSTRIDIA FROM THE SOIL 
AROUND SYOWA STATION-
Abstract: From the soil (permafrost, moraine, bottom of lake, coast, etc.) 
collected in the area around Syowa Station which is located on East Ongul Island 
in LLitzow-Holm Bay of Antarctica, a total of 150 strains of clostridia were 
isolated. Aerobic sporeforming bacteria were isolated less than clostridia. The 
soil samples, when heated at 80° C for 10 min or more before the cultivation, 
proven no Clostridium. 
One hundred and fifty strains were assigned to 6 species, i.e., C. perfringens, 
C. bifermentans, C. sordellii, C. fallax, C. sporogenes and C. septicum. The first 
three species were isolated very frequently and C. sporogenes less frequently. All 
the strains of C. sordellii were non-toxigenic and had almost the same biochemical 
and cultural characteristics as those of C. bifermentans except the urease reaction. 
It was surprising that many clostridia were found in the soil sampled from 
places which were considered to be scarcely contaminated by human beings and 
animals. 
The peculiar distribution and taxonomy of clostridia in the soil of Antarctica 
are discussed in this paper. 
1. Introduction 
As a member of the 13th Japanese Antarctic Research Expedition 
(January 1972 to February 1973) in charge of medical research, the author 
had an opportunity to make wintering observations at Syowa Station, 
Antarctica. 
Antarctica, about 38 times larger than Japan, is covered with thick con­
tinental glacier and snow all the time, and the climate is very cold and dry. 
The climatic data recorded at Syowa Station during the author's wintering 
period were as fo1lows: the highest temperature, 6.2° C; the lowest tempera­
ture, -38 ° C ;  the average annual temperature, about -10 ° C; and the average 
annual humidity, about 65%. Syowa Station is located on East Ongul Island 
in Liitzow-Holm Bay (Figs. 1 and 2). 
In this cold Antarctic region, organisms are living under harsh condi­
tions (MATSUDA, 1964; GoTo et al., 1969; SuGIYAMA et al., 1967). Animals 
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Fig. 1. Location of Syowa Station in Antarctica. 
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Fig. 2. Sampling localities in the area around Syowa Station on 
the east coast of Liitzow-Holm Bay. 
Black areas indicate the grounds exposed only during 
summer and dotted areas are the places covered with thick 
ice all the year round. 
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generally cannot settle down there, and penguins, seals and seafowls appear 
on the coast of the continent only during the summer season (December to 
February). On the other hand, plants such mosses, lichens, yeasts and fungi 
grow in small swamps on the islands and capes that are exposed only during 
the summer season when snow and ice melt. The distribution of microor­
ganisms in the Antarctic region was studied by some researchers; EKELOF 
( 1908) isolated moulds, and DARLING and SIPLE ( 1941) isolated bacteria 
(Bacillus mesentericus, B. subtilis, etc.) for the first time. Studies by the 
Japanese researchers on the distribution of microorganisms in the Antarctic 
region graduaily progressed since the International Geophysical Year (] 957 to 
1958); for example, SoNEDA ( 1961) isolated yeasts and TuBAKI ( 1961) isolated 
moulds from the soil around Syowa Station. 
As mentioned above, moulds, yeasts and bacteria were isolated from the 
soil and sea mud of Antarctica, and many strains were considered to have 
been carried by the air current from other continents. However, no study 
has ever been made, on the distribution of anaerobes in the soil around Syowa 
Station. In this study, sporeforming obligatory anaerobic rods which were re­
latively easy to isol'ate were chosen as the target bacteria. Soil samples were 
co11ected in the, places which seem to be evidently contaminated by human 
beings and animals, and also in the places where contamination was supposed 
to be slight or nil. 
2. Material and Methods 
2.1. Sampling 
Sampling was carried out in the area about 300 km from East Ongul 
Island; the area of exposed tocks on the Prince Harald Coast, permafrost that 
was exposed only during th,e summer season, moraine zone, and bottom mud 
of lakes which were covered with ice almost all the year round. 
The soil samples were collected by the following methods (M1wA, 1973). 
In the case of permafrost and moraine zone, a fist-sized sample was taken 
from 10-20 cm below the ground surface and was put into a sterile Petri's 
dish or a polyvinyl bag; the container was immediately sealed, and preserved 
in a frozen condition. In the case of lakes or ponds covered with about 
2m thick ice, the surface ice was bored, and the bottom mud (5-15 m below 
the water level) was taken with water samples. 
2.2. Methods of isolation of clostridia 
The soil samples preserved in a frozen condition were thawed at room 
temperature; about 2 g of a sample was mixed with a basal medium (about 
10 ml) in a medium-size test tube, and incubated at 37° C for 1-10 days for 
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enrichment. Bacto Cooked Meat medium and GAM semisolid medium (Nissui) 
were used as the basal media. After the incubation, test tubes containing 
the culture were divided into two groups; unheated and heated, and clostridia 
were isolated with author's laboratory procedures (KosAKAI and SuzuKI, 1968). 
Anaerobic culture on a plate medium was made by the steel wool method 
(N2 , 80%; CO2 , 20%) (UENO, 1964) at 37
° C for 24-48 hours. 
2.3. Identification of clostridia 
The author used the technique that were employed in author's laboratory 
(KosAKAI and SuzuK1, 1968) and the VPI manual (HOLDEMAN and MooRE, 
1972). 
3. Results 
3.1. Isolated species 
As presented in Table l, six species of clostridia were identified. Three 
species ( C. perfringens, C. bifermentans, C. sordellii) were isolated from many 
soil samples from various places. About l 796 of all isolated strains remained 
unidentified. 
3.2. Unidentified strains 
The identification of non-toxigenic clostridia was generally very difficult. 
Strains which could not be proven to sporulate but were considered to be 
clostridia because of their thermostability, were tentatively classified into the 
group of unidentified strains. This group included those strains which resem­
bled C. felsineum, C. difficile, C. butyricum and C. cellobioparum. 
3.3. Thermostability 
From each gram of the unheated soil samples three to four species were 
isolated, while virtually no colonies were proven on the plate medium when 
the soil samples was heated at 80° C for 10 min. 
3.4. Quantitative culture 
The distribution of aerobes 1.11 the Antarctic soil was compared with 
that of anaerobes by the quantitative culture method. The anaerobes were 
found in the range of 103-4/g of soil, but there were only a few aerobes. 
3.5. Pathogenicity to mice 
Strains of C. perfringens and C. septicum only killed mice mostly within 
24 hours. Strains of C. sordellii and C. bifermentans proved to have no-lethal 
toxicity to mice. 
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Table 1. isolation of clostridia from the Antarctic soil. 
-----· ----- -- --�- -------- - · === � - -��- ·- -� 
Species 
Bottom of Lake Mizukumi·X· 
Around Lake Midori 
Bottom of Lake Taratine 
Bottom of Lake 6-ike 
Around Lake Higasi·X· 
Hill 
+ + + 
+ + + 
+ 
+ 
+ + + 
+ 
+ + + 
Rumpa Island 
Penguins' rookery, south 
Penguins' rookery, north 
Lake edge, permafrost 
+ + + + 
Padda Island 
Ongulkalven 
Island 
Lake edge 
Hill 
+ + 
I 
+ 
I + + + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-----·� -
Langhovde 
Skarvsnes 
Skallen 
Continental 
coast 
* Provisional name. 
Bottom of Lake Yuki·x­
Around Lake Yuhx· 
Around Lake Yukidori 
Bottom of Kami-kama 
Hill 
Moss, Heit6 Glacier 
Ground, Heito Glacier 
Moraine, Heit6 Glacier 
Moraine, Hamna 
Moraine, Langhovde 
Around Lake Suribati 
Bottom of Lake Kizahasi·X· 
Around Lake Kaminoike·X· 
Hill, permafrost 
Bottom of Lake Skallen Oikc 
Bottom of Lake Dairi 
Coast, permafrost 
Cape Hinode 
FO point, permafrost 
FO point, moraine 
+ + + 
+ + 
+ + 
+ 
+ 
+ + 
+ + 
+ + + + 
+ + 
+ 
+ + 
+ 
+ + + 
+ 
+ + 
+ 
+ + + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ + 
+ 
+ 
+ 
+ 
+ 
+ : Positive isolation from one or more portion of a sampling places. 
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4. Discussion 
There are a few studies (EKELOF, 1908 ; DARLING and S1PLE, 194 l; GoTo, 
1969) on the distribution of bacteria in Antarctica, but no study was made 
on the distribution of anaerobes including clostridia. Studies in Japan and 
other countries on the distribution of clostridia in soil have aimed chiefly 
at the isolation of some special species of the genus, i. e. , C. perfringens 
(YAMAGISHI et al., 1964) and C. tetani (SANADA and NISHIDA, 1965). 
The distribution of clostridia isolated by the author from the Antarctic 
soil was compared with the distribution of clostridia in the soil of Japan 
reported by other authors (NoToMI, 1959; TAKAGI, 1960). It is of particular 
interest that, while C. sordellii has never been isolated from the soil of Japan. 
In other continents, isoltion of this species is very difficult. The author, 
however, isolated C. sordellii from the Antarctic soil in many places. Eighty­
five percent of the strains of C. sordellii were isolated from the same soil 
samples from which C. bifermentans were isolated. C. perfringens was the 
most widely distributed in the Antarctic soil as well as in the soil of Japan. 
On the other hand, C. sporogenes was frequently isolated from the soil of 
Japan, while only six strains of this species were isolated from the Antarctic 
soil. 
There were thus some marked differences between the findings in the 
author's present study and the reports hitherto published (NoTOMI, 1959; 
TAKAGI, 1960). Moreover, it is interesting that many clostridia were found 
in the places which were considered to be hardly contaminated by human 
beings and animals (M1wA et al., 1974). 
Thermostable strains of Antarctic clostridia which could resist the heating 
at 80° C for 10 minutes or more were not found in this study. MoRINAGA (1962a, 
b) showed that the strains of C. pe,fringens isolated from the soil of the area 
scarcely contaminated by human beings and animals, or the soil in old ages. 
The similarity between the author's and MoRINAGA's finding is interesting. 
Biological properties of the isolated clostridia from Antarctica revealed 
that there were many mutants of each species. These mutants may have 
resulted from degeneration in the special natural enviroment of the Antarctic 
region. Identification of C. sordellii and C. bifermentans has long been a 
subject of controversy from the taxonomic standpoint (BROOKS and EPPS, 1959; 
N1sHIDA et al., 1964). In this study, many strains (8596) of C. sordellii and 
also many strains of C. b(fermentans were simultaneously isolated from the 
same soil samples of Antarctica. It may, be reasonable to interpret this fact 
as an identification that C. sordellii and C. bifermentans of Antarctica are not 
two different species but one and the same species with mutation, occurring 
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only 111 urease and toxinogenicity. Then, it is necessary to study further on 
saccharides composition of cell membrane (NovoTONY, 1968) and DNA homo­
logy which are very important taxonomically. 
Acknowledgments 
The author is indebted to Professor S. SuzuKI and Assistant Professor K. UENO 
of this laboratory for their valuable advice. Appreciation is expressed also to 
Professor H. YosHIMURA of Hyogo Medical College, Dr. K. lMANISHI of former 
president of Gifu University, Mr. S. KAWAGUCHI and other members of the 
13th Japanese Antarctic Research Expedition for this study. 
References 
BROOKS, M.E. and H.B.G. EPPS (1959): Taxonomic studies of the genus Clostridium sordel!ii 
and Clostridium bifermentans. J. Gen. Microbiol., 21, 144-155. 
DARLING, C.A. and P.A. SIPLE (1941): Bacteria of Antarctica. J. Bacteriol., 42, 83-98. 
EKELOF, E. (1908): Bakteriologishe Studien wahrend der schwedischen Siidpolar-Expedition, 
Wiss. Ergeb. schwed. Slidpolar-Exped. 1901-1903, Stockholm, 7, 120-122. 
GOTO, S. , J. SUGIYAMA and H. IIZUKA (1969): A taxonomic study of Antarctic yeasts. 
Mycologia, 61, 748-774. 
HOLDEMAN, L.V. and W.E.C. MOORE (1972): Anaerobe Laboratory Manual, Virginia Poly­
technic Institute, Blacksburg, 67-89. 
KosAKAI, N. and S. SUZUKI (1968): Anaerobes and Anaerobic Disease, Igaku Shoin, Tokyo, 
19-135 (in Japanese). 
MATSUDA, T. (1964): Microclimate in the community of mosses near Syowa Base at East 
Ongul Island, Antarctica. Antarct. Rec., 21, 1788-1805 (in Japanese). 
MIWA, T. (1973): Reports of the 13th Japanese Antarctic Research Expedition (1971-1973) 
(ed. Z. SEINO and S. KAWAGUCHI), Ministry of Education, Tokyo, 118 (in Japanese). 
MIWA, T., K. UENO and S. SuzuKI (1973): Clostridia from the Antarctic soil; 4th Anaerobic 
Infection Research Meeting, Esai, Tokyo, 4, 50-52 (in Japanese). 
MoRINAGA, G. and K. YosHIZAWA (1962a): Investigation on C. welchii in the basin of the 
River Kurobe. J. Jap. Accident. Med. Assn, 10, 158-162 (in Japanese). 
MoRINAGA, G. and K. YosHIZAWA (1962b): On the heat resistance of C. welchii. Jap. J. 
Bacteriol. , 17, 899-902 (in Japanese). 
NISHIDA, S., K. TAMAI and T. YAMAGISHI (1964): Taxonomy of C. bifermentans and C. 
sordellii. J. Bacteriol. , 88, 1641-1646. 
NoTOMI, T. (1959): Die Verbreitung anaerober Bakterien im Boden usw. Nagasaki Igakkai 
Zasshi, 34, 513-515 (in Japanese). 
NovoTNY, P. (1968): Composition of cell walls of C. sordellii and C. bifermentans, and its 
relation to taxonomy. J. Med. Microbiol., 2, 81-100. 
SANADA, I. and S. NISHIDA (1965): Isolation of C. tetani from soil. J. Bacteriol. , 89, 626-
629. 
SoNEDA, M. (1961): On some yeasts from the Antarctic region. Antarct. Rec. , 15, 10-13 (in 
Japanese). 
SUGIYAMA, J., Y. SUGIYAMA and H. IIZUKA (1967): Report of the Japanese summer parties 
in Dry Valleys, Victoria Land, 1963-1965. III. · Mycological studies of the Antarctic 
fungi. Antarct. Rec., 28, 2239-2246 (in Japanese). 
Anaerobic Bacteria of Antarctica 63 
TAKAGI, K. (1960): Studies on clostridia isolated from the soil in the Tokai district. Acta. 
Sch. Med. Gifu, 8, 1763-1772 (in Japanese). 
TUBAKI, K. (1961): On some fungi isolated from the Antarctic materials. Antarct. Rec., 14, 
9-13 (in Japanese). 
UENO, K. (1964): Practice of anaerobic culture with steel wool of domestic origin. Media 
Circle, 57, 1-7 (in Japanese). 
Y AMAGISHI, T. , s. ISHIDA and S. NISHIDA (1964): Isolation of toxigenic strains of C. per­
fringens. J. Bacterial. , 88, 646-652. 
(Received April 22, 197 5) 
